IDIOSYNCRATIC SHOCKS, AGGREGATE FLUCTUATIONS AND THE REPRESENTATIVE CONSUMER by Serguei Maliar
IDIOSYNCRATIC SHOCKS, AGGREGATE
FLUCTUATIONS
AND THE REPRESENTATIVE CONSUMER*
Serguei Maliar**
WP-AD 2001-07
Correspondence: Universidad de Alicante. Depto. de Fundamentos del An¶ alisis
Econ¶ omico. Campus San Vicente del Raspeig, s/n, 03071 Alicante. Tel. +34 96
590 34 00 Ext. 3220 / Fax: +34 96 590 38 98 / E-mail: maliars@merlin.fae.ua.es.
Editor: Instituto Valenciano de Investigaciones Econ¶ omicas, S.A.
First Edition March 2001.
Dep¶ osito Legal: V-1161-2001
IVIE working papers o®er in advance the results of economic research under
way in order to encourage a discussion process before sending them to scienti¯c
journals for their ¯nal publication.
* I am grateful to Jordi Caballe, Finn Kydland, Lilia Maliar, Albert Marcet, Franck
Portier, Morten Ravn, Michael Reiter, Xavier Sala-i-Martin, Andrew Scott and Chris
Telmer for helpful comment.
** Serguei Maliar: University of Alicante.
1IDIOSYNCRATIC SHOCKS, AGGREGATE
FLUCTUATIONS
AND THE REPRESENTATIVE CONSUMER
Serguei Maliar
ABSTRACT
This paper analyzes a complete market neoclassical economy with het-
erogeneous agents. Agents have addilog preferences and receive idiosyncratic
labor productivity shocks. We show that at the aggregate level, such an econ-
omy behaves as if there was the representative consumer who faces shocks
to preferences and technology. This fact enables us to infer time-series prop-
erties of the model without specifying a process for idiosyncratic shocks.
Instead, we calibrate the process for shocks to preferences and technology in
the model derived from aggregation. In contrast to the standard one-shock
setup, the model with two types of shocks can generate the appropriate pre-
dictions with respect to labor markets.
KEYWORDS: Heterogeneous Agents; Idiosyncratic and Preference Shocks;
Aggregation.
21 Introduction
The assumption of idiosyncratic shocks to earnings has been employed re-
cently by many researchers for addressing various questions in computable
general equilibrium models, e.g., Krusell and Smith (1995), Kydland (1995),
Rios-Rull (1996), Casta~ neda, Diaz-Gimenez and Rios-Rull (1994), etc. All
these papers have two features in common: ¯rst, they calibrate the studied
models by assuming a particular process for shocks so that the models match
microeconomic evidence; and second, they analyze the models' implications
at the aggregate level by solving explicitly for the optimal allocations of all
heterogeneous consumers.
In this paper, we describe an example of a model with idiosyncratic shocks
where aggregate dynamics can be inferred without making explicit assump-
tions about the process for idiosyncratic shocks and without solving for the
equilibrium allocations at the individual level. Speci¯cally, we consider a
complete market neoclassical economy where agents di®er in initial endow-
ments of wealth and receive idiosyncratic labor productivity shocks. We show
that if the preferences of agents are of the addilog type, then at the aggre-
gate level, such an economy behaves as if there was a representative consumer
who faces two types of shocks, to preferences and technology. In this case,
particular assumptions about idiosyncratic uncertainty have no in°uence on
the structure of the resulting macro model; they only a®ect the stochastic
properties of shocks to preferences and technology at the aggregate level.
In fact, the shocks to technology and preferences of the representative con-
sumer can be viewed as aggregate supply and demand shocks, respectively.
Demand shocks have been thought for a long time to play an important role
in economics, e.g., in Keynesian economics. However, some researchers have
argued that this type of shocks is empirically implausible. Our aggregation
result suggests that the assumption of demand shocks is not as arti¯cial as
it may seem to be. The only source of uncertainty in our heterogeneous
economy are idiosyncratic shocks to individual productivity; however, at the
aggregate level, it appears as if shocks a®ect the preferences of the represen-
tative consumer, or, in other words, aggregate demand.
The empirical part of the paper is motivated by the inability of the stan-
dard real business cycle (RBC) models to account for the behavior of labor
markets. The model with homogeneous agents and technology shocks as the
only source of impulses to business cycles implies that the return to working
3(measured either in average labor productivity or in real wage) must display
a strong positive correlation with working hours. This is not the case in the
real economies, where this statistic is close to zero or slightly negative (the
Dunlop-Tarshis observation). Another closely related statistic which is sig-
ni¯cantly overstated in the standard RBC setup is the correlation between
the return to working and output. A large body of economic research focuses
on these "labor market puzzles".1
Maliar and Maliar (1999) analyze a heterogeneous-agent model, which is
identical to that studied in this paper, except for that the levels of agents' pro-
ductivity do not change over time. The paper ¯nds that under the assump-
tion of addilog preferences, the model can generate the correlation between
labor productivity and working hours which is close to the one in the data.
This is possible, however, only if the intertemporal elasticities of consump-
tion and leisure are substantially higher than one. The latter assumption
has two undesirable side e®ects, speci¯cally, the model's predictions are not
robust to small changes in the intertemporal elasticities and the volatility
of labor productivity becomes too low. The model presented in this paper
overcomes both of these problems.
To calibrate the process for shocks to preferences and technology in
the constructed representative-agent model, we use the time-series data on
the U.S. economy. We assume that "aggregate" shocks follow a ¯rst-order
Markov process with some joint transitional probabilities. We estimate the
model's parameters, including the elements of the matrix of transitional prob-
abilities and the variances of the error terms for aggregate shocks. Subse-
quently, we calibrate and simulate the model.
The key ¯ndings of the paper can be summarized as follows.
² The model with shocks to preferences and technology can reproduce
the feature of the data that productivity and working hours as well as
productivity and output are weakly correlated.
² The model's predictions are robust to changes in the parameters in-
cluding the discount factor, the individual intertemporal elasticities of
consumption and leisure, and the transitional probabilities of shocks.
1For surveys of the literature see Christiano and Eichenbaum (1992) and Gomme and
Greenwood (1995).
4² The remaining statistics, including the volatility of productivity, are in
line with those in the data and in the standard representative-consumer
model where only technology shocks occur.
The paper is organized as follows. Section 2 describes the economy with
heterogeneous agents and derives optimality conditions. Section 3 constructs
the corresponding representative-consumer model. Section 4 outlines estima-
tion and solution procedures. Section 5 discusses numerical results. Section
6 concludes.
2 The Economy
The economy consists of a set of heterogeneous agents S and a representative
¯rm. The timing is discrete, t 2 T,w h e r eT =0 ;1;:::;1:
The measure of agent s in the set S is denoted by d!s; where
R
S d!s =1 :
The agents di®er in initial endowments and productivity levels. The pro-
ductivity of agent s 2 S in a period t 2 T is denoted by ¯s
t: We denote the
distribution of the productivities of agents in period t by Bt ´f ¯s
tg
s2S and
assume that Bt follows a ¯rst order Markov process with a transitional prob-
ability given by ¦fBt+1 = B0 j Bt = BgB0;B2<,w h e r e<µRS
+ is a bounded
set. Note that this speci¯cation allows for correlation between idiosyncratic
shocks to productivities of di®erent individuals. The initial distribution of
idiosyncratic shocks to productivities B0 is given.
An in¯nitely-lived agent s 2 S seeks to maximize the expected sum of
momentary utilities u(cs
t;l s
t); discounted at the rate ± 2 (0;1); by choosing
a path for consumption, cs
t; and leisure, ls
t. The utility function u(¢)i s
continuously di®erentiable, strictly increasing in both arguments, and strictly
concave. In period t the agent owns capital stock ks
t and rents it to the ¯rm at
the rental price rt: Also, he supplies to the ¯rm ns
t units of labor in exchange
for income ns
t¯s
twt; where wt is the wage paid for one unit of e±ciency labor.
The total time endowment of the agent is normalized to one, ns
t + ls
t =1 .
Capital depreciates at the rate d 2 (0;1]: When making the investment
decision, the agent faces uncertainty about the future returns on capital.
We assume that markets are complete: the agent can insure himself against
uncertainty by trading state contingent claims, fms
t (B)gB2< : The claim of
type B 2<costs pt (B)i np e r i o dt and pays one unit of consumption good in
5period t+1 if the state B occurs and zero otherwise. Therefore, the problem








































where g denotes the rate of labor-augmenting technological progress. Initial
holdings of capital and contingent claims, ks
0 and ms
0; are given.
The production side of the economy consists of a representative ¯rm. The
¯rm owns a technology which allows to transform the inputs, capital k and
labor h; into output. The production function f (k;h) is strictly concave, con-
tinuously di®erentiable, strictly increasing with respect to both arguments,
has constant return to scale, satis¯es the appropriate Inada conditions, and is
such that f (k;zh)=µ(z)f (k;h) for 8k;h;z 2 R+: Given the prices, rt and




¼t = f (kt;h t) ¡ rtkt ¡ wtht: (3)
The choices of the consumers and the ¯rm must satisfy the market clearing






s =0 f o r8B 2< ; (4)

















and the economy's resource constraint




td!s is aggregate consumption.
The equilibrium is de¯ned as a sequence of contingency plans for alloca-
tions of the consumers, for allocations of the ¯rm and for the prices such that
given the prices, the sequence of plans for the allocations solves the utility
6maximization problem of each consumer and the pro¯t maximization prob-
lem of the ¯rm and satis¯es market clearing conditions. Moreover, the plans
are such that cs
t ¸ 0; and 1 ¸ ns
t ¸ 0f o r8s 2 S; t 2 T and wt;r t;k t ¸ 0 for
8t 2 T: It is assumed that the equilibrium exists and is interior.
Let bs




















what follows, nt is referred to as the aggregate (e±ciency) number of hours











where µt ´ µ(
R
S ¯s
td!s)a n dfi (¢) denotes the ¯rst order partial derivative
of the function f (¢) with respect to the i¡th argument. The parameter µt
appears because the aggregate level of skills in the economy °uctuates. This
parameter allows for the usual interpretation of technological innovations.
In terms of the variable nt, the economy's resource constraint can be
expressed as






With an interior solution, the First Order Conditions (FOCs) of con-
sumer's utility maximization problem (1); (2) with respect to insurance hold-
ings, capital, consumption and hours worked, and the transversality condition
are
¸tpt (B)=±¸t+1 (B) ¢ ¦fBt+1 = B
0 j Bt = BgB0;B2< ; (8)










































Here, we can represent the Lagrange multiplier associated with the agent's
budget constraint as ¸s
t = ¸t=¸s because due to market completeness, the
ratio of marginal utilities of any two agents remains constant in all periods
and states of nature. If one formulates the associated planner's problem, then
the parameters f¸sg
s2S and the variable ¸t will be the welfare weights and
the Lagrange multiplier associated with the economy's resource constraint.
Without loss of generality, we normalize the weights to one,
R
S ¸sd!s =1 :
3 The Representative Consumer
In this section, we derive aggregation results for the heterogeneous-agent
economy of section 2. For the remainder of the paper, we assume that the




































Solving (14);(15) with respect to cs
t and (1 ¡ ns
t)bs





























where lt =1¡ nt: From equations (9);(16);(17), we get





























Finally, integrating individual transversality condition (12) across agents and








Using the above results, we formulate the representative-consumer model,




















where RC denotes the economy's resource constraint (3):
Proposition 1 Under the addilog utility, the equilibrium sequence of con-
tingency plans for aggregate quantities fct;n t;k t+1gt2T in economy (1) ¡ (4)
is a solution to the representative-agent model (21).
Proof. If a solution fct;n t;k t+1gt2T to problem (21) exists and is inte-
rior, then it satis¯es the FOCs, the transversality condition and the budget
constraint. The FOCso ft h i sp r o b l e ma r e( 1 8 ) ;(19): The transversality
condition is equivalent to (20). Finally, by de¯nition, resource constraint (3)
is a necessary condition for the equilibrium. jj
Unless ° = ¾, the addilog preferences are not quasi-homothetic and,
therefore, they do not lead to a representative consumer in the sense of
Gorman (1953). The possibility of aggregation under the addilog utility is
9mentioned ¯rst by Shafer (1977). Note that, even if agents have identical
time-invariant productivity and di®er only in endowments, the parameter
Xt ´ X0 does not vanish from problem (21). The value of this parameter
depends on given distribution of endowments and a®ects the equilibrium
marginal rate of substitution between aggregate quantities.
If productivities of agents are subject to idiosyncratic shocks, the param-
eters µt and Xt vary with time. These parameters will be referred to as tech-
nology and preferences shocks, respectively. The parameter µt is exogenous
both to the heterogeneous-agent model and the constructed representative-
consumer setup. The parameter Xt is exogenous to the problem of the rep-
resentative consumer, but endogenous to the economy with heterogeneous
agents since it depends on the welfare weights, which in turn are determined
by the decisions of all heterogeneous agents.
The existence of the representative consumer makes it possible to inves-
tigate the properties of the heterogeneous-agent economy without modelling
explicitly the process for idiosyncratic shocks. Instead, one can assume a
law of motion for the parameters µt and Xt and solve the model derive from
aggregation (21). This model is su±cient to determine the sequence of con-
tingency plans for aggregate allocations and prices.
Given that the idiosyncratic shocks to agents' productivities are assumed
to follow a ¯rst-order Markov process, we presume that the aggregate shocks






















t » N (0;º2
µ)a n d"X
t » N (0;º2
X): For the rest of the paper, we
assume that the production function is of the Cobb-Douglas type, f (k;n)=
k®n1¡®. In the remainder of the paper, we analyze quantitative implications
of the constructed representative-consumer model.
4 Estimation and Solution Procedures
We now estimate the model's parameters and simulate the solutions. The
estimation procedure plays an important role in our analysis as it allows us
to evaluate the stochastic properties of shocks in (22):
10To estimate the model's parameters, we use a version of Hansen's (1982)
Generalized Method of Moments (GMM) procedure. The utility parameters,
° and ¾; and the subjective discount factor, ±; are not estimated. In the
b a s e l i n em o d e l ,w ep r e s u m e° = ¾ =1a n d± =( 1 :03)
¡0:25.L a t e r , t o
analyze the robustness of our results, we will also consider several alternative
speci¯cations for these parameters. The parameters under estimation are
subdivided into two groups ª1 and ª2
ª1 = f®;A;g;dg; ª2 =
n







The estimation procedure includes two steps. First, we estimate the param-
eters from the group ª1 from the ¯rst-moment conditions of model (21) and
compute the residuals µt and Xt: Second, we estimate the parameters from
the group ª2 by using the computed residuals. Given that the stochastic
properties of the processes for µt and Xt are not known, we compute the in-
strumental variable estimator at both steps of the estimation procedure. As
instruments, we use 8 lags of consumption, capital, output and hours worked.
The ¯rst-moment conditions, employed for estimating the parameters from
ª1 a r eg i v e ni nt h ea p p e n d i x . T h ep a r a m e t e r sf r o mª 2 are estimated ac-
cording to (22):
To estimate the parameters, we use quarterly data on the U.S. econ-
omy ranging from 1959 : 3 to 1998 : 3 . The variable consumption ct in
the model is de¯ned as real personal expenditures on nondurables and ser-
vices in the data. Investment it in the model is real personal consumption
of durables and real ¯xed private investment in the data. Consequently,
the series for output are constructed by adding up consumption and invest-
ment, yt = ct + it: The variable working hours nt in the model is de¯ned
as level of the civilian employment premultiplied by average weakly hours
worked in private nonagricultural establishments in the data. The average
weakly hours were previously divided by 168; which is the total number
of hours per week. Before computing the estimates, the constructed se-
ries are converted in per-capita terms by using the e±ciency measure of
the U.S. population. The data are taken from the Federal Reserve Bank
of Saint-Louis data base (mnemonics FPIC92;P C E D G 92;P C E N D C 92;
PCECS92;CE16OV; AWHNONAG). The sources for these series are U.S.
Department of Labor and U.S. Department of Commerce.










where the numbers in parenthesis are the standard deviations. These esti-
mates are practically identical to those reported by Christiano and Eichen-
baum (1992). We ¯nd that the resulting estimates are robust to modi¯cations
in the set of instruments and in the number of lags assumed. We will not
report the estimates of the parameters from ª1 under all considered values
of (°;¾;±). However, we will report the ¯rst moments of the model for each
set of the parameters (°;¾;±) under which the model is simulated. The esti-
mates of the parameters from ª2 will be reported in all the cases considered
and discussed separately in the subsequent section.
We parametrize the model by using the values of the parameters, which
are previously estimated by GMM and solve for the equilibrium. To compute
numerical solutions, we employ the parametrized expectation algorithm, see,
e.g., Marcet and Lorenzoni (1999). To approximate the conditional expecta-
tions, we use second order degree exponentiated polynomial. The length of
simulations was 10000 and the iterations were performed until 5-digit preci-
sion in the polynomial coe±cients was enforced.
In the last column of Table 1; we provide selected ¯rst and second mo-
ments of time series in the U.S. economy. The reported statistics are the
sample averages of the variables provided in the ¯rst column of the table.
The statistics ¾x and corr(x;z) are the volatility of a variable x and the cor-
relation between variables x and z; respectively. In the remaining columns
of the table, we report the ¯rst and second moments of time series generated
by the model. The model's moments are sample averages of the statistics
computed for each of 400 simulations. Each simulation has the length 157
periods, as do time series for the U.S. economy. Numbers in parentheses are
sample standard deviations of these statistics. Before calculating the second
moments, the corresponding variables for the U.S. and arti¯cial economies
were logged and detrended by using the Hodrick-Prescott ¯lter.
As a measure of labor productivity (wage), we use the variable yt=nt: To
check that the constructed measure of labor productivity behaves similarly
to the one in the U.S. economy, we compared this measure to the CITIBASE
variable LBOUTU, which is output per-hour of all persons in the nonagri-
cultural business sector. We ¯nd that the properties of both measures are
12very similar. In such a way, if instead of yt=nt,w eu s et h ev a r i a b l eLBOUTU;
then we have ¾y=n =1 :023;c o r r(y=n;n)=0 :220 and corr(y=n;y)=0 :543;
which are close to the corresponding statistics reported in the table.
5 Findings
We begin from a baseline standard representative the model. This corre-
sponds to the case when the process (22) is estimated under the restriction
that only technology shocks can occur in the economy.
² Model 1. ½µµ is estimated under the restriction ½Xµ;½ µX;½ XX ´ 0:
This version of the model is extensively studied in the literature, e.g.,
Hansen (1985), and Christiano and Eichenbaum (1992). These papers use
di®erent values for the coe±cient of autocorrelation ½µµ: the ¯rst assumes
AR(1) with ½µµ =0 :95; while the second uses the random walk speci¯cation
½µµ =1 : As it follows from the table, our own estimate is close to the latter.3
Comparing the results of Hansen (1985) and Christiano and Eichenbaum
(1992) shows that the key properties of the model are not substantially af-
fected by a variation in the coe±cient of autocorrelation. Speci¯cally, in
either case, the model can generate most of the statistics in line with the
data, except for those with respect to labor markets. The most serious
failure of the model is its inability to account for the Dunlop-Tarshis ob-
servation, which consists in that productivity (wage) and hours worked in
the real economies are not signi¯cantly correlated. In fact, the quantitative
expression of the Dunlop-Tarshis observation varies substantially depending
on time series used. For example, Christiano and Eichenbaum (1992) cal-
culate corr(y=n;n) for the U.S. economy by using the household and the
establishment time series and obtain ¡0:2a n d0 :16; respectively. According
to Gomme and Greenwood (1995), if the real wages are used as a proxy for
productivity, this statistic will be around ¡0:44:
3We ¯nd that the estimate of the autocorrelation coe±cient ½µµ depends signi¯cantly on
which particular time series are used as a proxy for working hours. If one uses aggregate
working hours, as Hansen (1985) does, then the estimates for ½µµ will be about 0:95:
However, if one uses the de¯nition suggested by Christiano and Eichebaum (1992) and
adopted in this paper, the estimate for ½µµ will be close to one.
13It turns out that the model cannot get close to any of the above num-
bers consistently predicting that corr(y=n;n) ' 1: In addition, it overstates
considerably the correlation between productivity and hours worked, and un-
derstates the volatilities of productivity and working hours compared to the
data.
Next, we turn to the case when all uncertainty in the economy comes
from shocks to preferences.
² Model 2. ½XX is estimated under the restriction ½Xµ;½ µX;½ µµ ´ 0:
This version of the model proves to be highly unsuccessful. It generates
several serious failures such as very low volatility of consumption, output and
investments and almost perfect negative correlation between productivity
(output) and working hours. It is interesting to notice that in this case,
the problem is exactly the opposite to the one that we had before: the
productivity (output) and working hours in the model are too countercyclical
compared to the U.S. data.
Next, we consider the model with two types of shocks.
² Model 3. ½µµ;½ Xµ;½ µX;½ µµ are estimated without restrictions.
Once two sources of shocks are assumed, the model's performance im-
proves considerably compared to Models 1 and 2. Model 3 generates weakly
negative correlation between productivity and hours worked and, therefore,
accounts for the Dunlop-Tarshis observation. Further, the correlation be-
tween productivity and output in the model is close to that in the data.
Finally, incorporating two shocks adds volatility to all model's variables ex-
cept for investment. In particular, the volatility of working hours in Model 3
is more than twice as large as in Model 1 and becomes close to the empirical
counterpart.
In sum, the model with two types of shocks is remarkably successful in
explaining the U.S. data. It is important to investigate, however, how robust
our results are to modi¯cations in the model's parameters. We begin with
the sensitivity analysis with respect ot the autocorrelation coe±cients by
considering the following experiment.
² Model 4. ½µµ;½ XX ´ 0:95 and ½Xµ;½ µX ´ 0:
14As it follows from the table, this modi¯cation not only does not worsen
the positive features of the previous setup but improves model's performance
with respect to the volatilities of investment, output and working hours.
We have done other experiments (not reported) and found that the model's
implications are very robust to changes in the autocorrelation coe±cients.
Consequently, we are left to explore how the model's properties are af-
fected by changes in the values of the preference parameters (°;¾;±): Maliar
and Maliar (1999) show an example of a heterogeneous-agent model where
quantitative implications depend crucially on the intertemporal elasticities
of consumption and leisure, 1=° and 1=¾: The results of this paper suggest
that a sensitivity analysis with respect to the preference parameters is of
potential interest. Below we report the results of experiments in which we
vary the value of one of the parameters (°;¾;±); holding the remaining two
parameters equal to the baseline values. In the remaining experiments, no
prior restrictions are imposed on the values of autocorrelation coe±cients;
these are estimated from the data. Models 5-10 are the following.
² Models 5, 6: ¾ =1 :0;±=1 :03¡0:25 and ° 2f 0:75;1:5g:
² Models 7, 8: ° =1 :0;±=1 :03¡0:25 and ¾ 2f 0:5;2:0g:
² Models 9, 10. ° =1 :0;¾=1 :0a n d± 2f 1:05¡0:25;1:015¡0:25g:
The results of this simulation exercise are reported in Table 2: First of
all, let us notice that the fact that the estimated coe±cients of the auto-
correlation ½µµ in Models 6 and 8 are greater than one does not imply non-
stationarity. In order for the process for shocks µt and Xt to be stationary,
it is su±cient that both eigenvalues of the matrix constructed from the au-
tocorrelation coe±cients lie inside of the unit root circle, see, e.g., Hamilton
(1994). This restriction is satis¯ed in each of the models considered.
As we can see from the table, variations in the preference parameters
(°;¾;±) inside a reasonable range do not signi¯cantly a®ect the properties
of the model compared to the baseline case. An exception is Model 6 in
which the correlation between productivity and working hours becomes too
negative. However, even this model's prediction is not entirely inconsistent
with the data as it is close to the correlation between real wages and working
hours in the U.S. economy. In sum, the ¯ndings obtained for the baseline
model are not considerably a®ected by changes in the model's parameters.
156C o n c l u s i o n
This paper describes an example of a general equilibrium model with id-
iosyncratic uncertainty where aggregate equilibrium allocation can be char-
acterized in a simple and economic fashion. Our economy is populated by a
number of individuals who di®er in capital endowments and whose labor pro-
ductivities °uctuate over time. At the aggregate level, however, it appears as
if there exists a representative consumer who is hit by two types of shocks,
to preferences and technology. The possibility of aggregation enables us to
investigate the model's implications at the aggregate level without making
explicit assumptions about unobservable idiosyncratic uncertainty.
The empirical ¯nding of the paper is that taking into account the prefer-
ence shocks can enhance considerably the performance of the RBC models. In
contrast to the standard setup where °uctuations in technology is the only
source of impulses to business cycles, the two-shock version of the model
can successfully account for such labor market stylized facts as the Dunlop-
Tarshis observation and the low correlation between productivity and output.
167 APPENDIX
The conditions used for GMM estimation:
The economy's resource constraint implies that the gross investment it is
related to capital stock kt as
E f1 ¡ d +( it+1=kt) ¡ (kt+1=kt)g =0 :
The hypothesis of the balanced growth implies
E flog(yt) ¡ log(yt¡1) ¡ ln(g)g =0 ;
E flog(ct) ¡ log(ct¡1) ¡ ln(g)g =0 ;
E flog(kt) ¡ log(kt¡1) ¡ ln(g)g =0 :
The intertemporal condition of problem (21) is
E f1 ¡ ± (ct=ct+1)[1¡ d + ®(yt=kt)]g =0 :
Taking the logarithm of FOC (19); we get
ln(Xt)=¡° [ln(ct) ¡ gt]+¾ln(1 ¡ nt)+ln[(1 ¡ ®)yt=nt]¡ln(g)t¡ln(A):
From (3) ; the process for the parameter µt is
ln(µt)=l n( yt) ¡ ®ln(kt) ¡ (1 ¡ ®)ln(nt) ¡ (1 ¡ ®)ln(g)t ¡ ln(µ);
where µ is the absolute level of technology.
17Table 1. Baseline model: γ  = 1, σ  = 1, δ  = 1.03
 -0.25
Heterogeneous-agent model U.S.
Model 1 Model 2 Model 3 Model 4 economy






ρ θ X - - 0.00594
(0.01551)
--
ρ Xθ - - 0.10496
(0.01654)
--













































































































































0.220Table 2. Sensitivity analysis with respect to the parameters (γ ,σ ,δ )
Heterogeneous-agent model
Model 5 Model 6 Model 7 Model 8 Model 9 Model 10
γ  = 0.75 γ  = 1.5 γ  = 1 γ  = 1 γ  = 1 γ  = 1
σ  = 1 σ  = 1 σ  = 0.5 σ  = 2 σ  = 1 σ  = 1
δ  = 1.03
 -0.25 δ  = 1.03
 -0.25 δ  = 1.03
 -0.25 δ  = 1.03
 -0.25 δ  = 1.05
 -0.25 δ  = 1.015
 -0.25
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